INTRODUCTION
producing sector. However, production from these fields is still significant, even on a world scale. Production from giant U.S. oil fields averaged 3.65 mmbo/day in 1997, which is equal to 57% of daily U.S. oil production ( Figure 1 ) and is a rate exceeded worldwide only by Saudi Arabia and the Former Soviet Union (International Petroleum Encyclopedia, 1998) .
Fields Having Significant Remaining Potential
The previous discussion did not differentiate between giant fields which have significant remaining potential and those which appear to be in terminal decline. The former fields represent the future of the group; the latter fields have become, at a National perspective, part of history.
The remaining potential of giant U.S. oil fields is evaluated here on the basis of remaining reserves (as of 1/1/98) and annual production (in 1997) . Figure 2 shows that, for both measures of remaining potential, relatively few fields account for most of the oil.
Fifty percent of 1997 annual production from all giant U.S. oil fields came from just 11 fields and 80% was supplied by 55 fields (Figure 2A ). The distribution of remaining reserves is yet more uneven. As of 1/1/98, 50% of remaining reserves in all giant U.S. oil fields resided in just six fields and 80% was accounted for by 42 fields ( Figure 2B ).
Using the somewhat arbitrary criteria that giant fields having significant remaining potential are those that account for either 80% of total annual production or 80% of total remaining reserves, 59 giant U.S. oil fields are identified here as having significant remaining potential (Table 3) . Of these, 38 fields qualify with respect to both annual production and remaining reserves.
The giant U.S. oil fields having significant remaining potential (Table 3) form a diverse group. They are distributed among 10 states, although most are located in Texas, California, and Louisiana ( Figure 3 ). Common geologic features among these fields, other than access to an excellent oil-charge system, are not obvious, nor are they obvious for giant U.S. oil fields in general.
Field-Size and Oil-Volume Distributions
The field-size distribution of the 293 giant U.S. oil fields listed in Table 1 is extremely skewed ( Figure 4A ). The coefficient of skewness is 9.1. (A skewness coefficient greater than 1.0 is commonly considered to indicate a highly skewed distribution.) Note that the eye tends to be fooled by Figure 4A : the logarithmic size-category axis, necessary to construct a legible figure, greatly foreshortens the larger field-size categories and thus reduces the apparent skewness.
One hundred and fifty-one fields (almost 52%) have sizes between 100 and 200 mmbo, whereas only eight fields (about 3%) have sizes in the much larger range between 1,600 and 12,800 mmbo ( Figure 4A ). The biggest field of the group (Prudhoe Bay) is about 65 times larger than the median field of 194 mmbo. If this ratio were to be applied to the height of humans, a median adult height of 5.5 feet would imply the existence of people as tall as 358 feet.
Approximately equal volumes of oil are attributed to field-size categories 1, 2, and 3 ( Figure 4B ). The volume of oil ascribed to field-size categories 4 through 7 tends to decrease as size category increases. (Data for size categories 6 and 7 are erratic because each category contains only one field.)
The U.S. is the most thoroughly explored large petroleum region in the world. As such, the field-size and oil-volume distributions for discovered giant U.S. oil fields (Figure 4 ) might provide as close an approximation to a natural (in situ) population of such fields as is presently known. For this reason, the distributions of Figure 4 could have value as analogs for some of the less explored regions of the world.
CHANGES IN FIELD SIZES BETWEEN 1/1/90 AND 1/1/98
The sizes (estimated total recoveries) of U.S. oil fields commonly change over time, in response to a large number of geological, technical, economic, and regulatory factors (e.g., Arrington, 1960; Attanasi and Root, 1994; Gautier and others, 1995; Schmoker and Crovelli, 1998) . Recent changes in the sizes of 209 giant U.S. oil fields (of the 293 fields considered in the previous sections) can be examined here, using the production and reserves data as of 1/1/90 that are provided in Table 2 .
Field-Size Changes Measured as Percentages
The great majority (96%) of the fields listed in Table 2 were 20 or more years old at the beginning of 1990; about two-thirds were discovered prior to 1941 ( Figure 5 ). Almost all the fields are well past the period of initial development in which large changes in estimated total recovery can be expected to occur as a field is delineated and production practices are optimized. All U.S. fields are subject to a standard system for reporting remaining reserves, which minimizes capricious field-size changes. One might therefore think that after many years of development and production, the remaining potential of most of these giant oil fields should be well established, but Figure 6 shows that this is not the case.
Of the 209 fields in the data set of Table 2 , the size of only 30 fields (14%) remained essentially unchanged on a percentage basis (larger or smaller by 0.5% or less) between 1/1/90 and 1/1/98 ( Figure 6A ). Sixty-five fields (31%) increased or decreased in size by 0-.5 to 4% in this eight-year period, 52,6^^ (25%) changed in size by 4 to 10%, and 62 fields (30%) changed in size by more than 10%. (These percentage changes are relative to 1/1/90 sizes.) From these data it is apparent that significant adjustments in estimated total recovery have been the norm, and not the exception, for giant U.S. oil fields in the first eight years of the 1990's.
Furthermore, Figure 6A shows that field-size increases outnumbered field-size decreases by more than two to one. Excluding the 30 fields with little percentage change, 126 fields increased in size whereas 53 fields decreased in size.
Production and reserves data as of 1/1/90 are available for 48 of the 59 giant U.S. oil fields having significant remaining potential. The percent-change distribution for these 48 fields ( Figure 6B ) is weighted more heavily to the right than the distribution for the entire group of giant fields ( Figure 6A ). Of the fields with significant remaining potential, the size of seven fields remained essentially unchanged on a percentage basis, 37 fields increased in size, and only four fields decreased in size ( Figure 6B ). More than half of these fields (54%) increased in size by over 10%.
The group of giant U.S. oil fields having significant remaining potential has been buoyed by large recent increases (1/1/90 -1/1/98) in field sizes ( Figure 6B ). These large field-size increases could be the result of high annual production rates; conversely, large field-size increases could drive annual production rates. Cause and effect are here complexly interwoven.
Field-Size Changes Measured as Barrels of Oil
Of the 209 giant U.S. oil fields in the data set of Table 2 , the size of 29 fields (14%) increased or decreased by only 1 rnmbo or less between 1/1/90 and 1/1/98 ( Figure 7A ). Sixtyseven fields (32%) increased or decreased in size by 1 to 10 rnmbo in this eight-year period, 73 fields (35%) changed in size by 10 to 40 rnmbo, and 40 fields (19%) changed in size (larger or smaller) by more than 40 rnmbo. Changes in estimated total recovery of tens of millions of barrels were common for giant U.S. oil fields in the first eight years of the 1990's ( Figure 7A ).
The distribution of Figure 7 A is weighted toward the right, indicating that field-size increases have added substantially more oil than has been lost by field-size decreases. A number of giant U.S. oil fields have had extraordinarily long reserves lives and are declining at rates below expectations, largely because of the tendency for their estimated total recoveries to increase with time (Hatcher and Tussing, 1997) .
The net change in estimated total recovery of the 209 giant U.S. oil fields contributing to Figure 7A (that is, the sum of the 209 individual field-size changes) is an increase of 5,896 rnmbo. This volume is equal to 2.5 years of U.S. oil production, assuming average daily production at the 1997 rate of 6.40 mmbo/day (Figure 1 ).
Of the 48 giant U.S. oil fields having significant remaining potential that are contributing to Figure 7B (a subset of the 59 fields of Table 3 ), 35 (73%) increased in size by more than 20 rnmbo in the first eight years of the 1990's. The net change in estimated total recovery of these 48 fields is an increase of 6,439 rnmbo (compared to a net increase of 5,896 rnmbo for the parent set of 209 giant fields).
As shown in Figure 7B , the size of two fields having significant remaining potential increased by more than 1,000 rnmbo between 1/1/90 and 1/1/98: these Alaskan fields are Prudhoe Bay (2,631 rnmbo) and Kuparuk River (1,094 rnmbo). The 12 fields of Figure 7B Each of the three areas that encompass the U.S. Gulf Coast (areas 6, 7, and 9) had net decreases in estimated total recovery of giant fields (Figure 8 ). The net change in area 9 would be negative even if the East Texas field (which decreased in size by 616 mmbo) were excluded. In the Rocky Mountains (area 8), only three of 19 giant fields decreased in size, but these decreases were large enough to place the area into the negative-change category.
Producing areas within the U.S. differ from one another with respect to factors affecting field-size changes, such as geologic characteristics, oil-field practices, and perhaps reservesreporting patterns. Figure 8 illustrates how these differences can lead to very dissimilar regional perceptions of the volume of discovered but yet-to-be-produced oil in the U.S.
SUMMARY
1. In the U.S., a giant oil field is one whose size exceeds 100 mmbo. This study examines 293 giant fields (Table 1) , using data as of 1/1/98. Recent changes in the sizes of 209 of these fields (Table 2 ) are also investigated, using production and reserves data as of 1/1/90.
2. Giant oil fields are still important to the U.S. energy picture (Figure 1 ). Average daily production in 1997 from giant fields was 3.65 mmbo/day (57% of total U.S. oil production), and remaining reserves were 11.3 bbo (50% of total U.S. remaining oil reserves).
3. Among the 293 giant U.S. oil fields, 59 fields account for 80% of total annual production (in 1997) and 80% of total remaining reserves (as of 1/1/98). These 59 fields (Table 3) are identified here as giant fields having significant remaining potential.
4. The field-size distribution of giant U.S. oil fields (Figure 4) , which provides a possible analog for some less explored regions of the world, is highly skewed. One hundred and fiftyone fields have sizes between 100 and 200 mmbo, whereas only eight fields have sizes in the much larger range between 1,600 and 12,800 mmbo.
5. Although the median discovery year of giant U.S. oil fields is 1935, changes in field size (larger or smaller) of tens of millions of barrels were common between 1/1/90 and 1/1/98. The number of fields that increased in size outnumbered those that decreased in size by more than two to one (Figures 6, 7).
6.
Changes in individual field sizes in the first eight years of the 1990's were highly variable. Some of this variability is related to regional location ( Figure 8 ). Overall, the estimated total recovery of the 209 giant U.S. oil fields for which necessary data are available for analysis increased by 5,896 mmbo, equal to about 2.5 years of current U.S. oil production. The estimated total recovery of a subset of 48 giant fields having significant remaining potential increased by 6,439 mmbo.
General
Number and estimated total oil recovery of all giant fields: 293 fields, 113.1 bbo Number and estimated total oil recovery of giant fields >1 bbo:
16 fields, 42.4 bbo Estimated total U.S. oil recovery:
195 
Annual and Cumulative Production
Average daily oil production in 1997 from all giant fields: 3.65 mmbo/day Average daily U.S. oil production in 1997:
6.40 mmbo/day Average daily U.S. oil consumption in 1996:
17.40 mmbo/day
Cumulative oil production from all giant fields: 101.8 bbo Cumulative U.S. oil production:
173.2 bbo
Remaining Reserves
Remaining (proved) oil reserves in all giant fields: 11.3 bbo Remaining (prove !) T. T S. oil reserves:
22.4 bbo Median remaining oil reserves/annual oil production ratio of giant fields: 5.7 years Average remaining oil reserves/annual oil production ratio of giant fields:
8.3 years Average remaining U.S. oil reserves/annual U.S. oil production ratio:
9.6 years Figure 1 . Numerative overview of giant U.S. oil fields (fields larger than 100 mmbo) as of 1/1/98. Data are from Table 1 and International Petroleum Encyclopedia (1998).
[mmbo = million barrels of oil. bbo = billion barrels of oil.] These fields are defined and listed in Table 3 .
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